Our study employs a social network perspective to investigate the influence of firms' structural and relational embeddedness on their innovation outcome in a directed network in a mature industrial cluster. From the structural embeddedness perspective, we argue that a central position in an informal advice network does not bring equal innovation benefits to advice-seekers and advice-givers. Notably, in a mature cluster, we expect that the number of advice giving ties (popularity) positively influences the innovation outcome of firms, whereas the number of advice-seeking ties {activity) negatively affects the firms' innovation. We also expect that access to structural holes has a negative and significant impact on innovation outcome in a mature industrial cluster. From the relational embeddedness perspective, we investigate the effect of strong and weak ties on the innovation outcome of firms in a mature industrial cluster. We expect a positive relationship between firms' innovation output and strong ties, and a negative relationship between weak ties and the innovation output of firms. Our findings suggest that activity has a significant negative impact on the innovation outcome of firms, while popularity shows a significant positive impact on the innovative outcome of firms. Strong ties show a positive and significant impact on innovation, while weak ties demonstrate a significant negative effect on innovation. We also test the mediating effect of absorptive capacity on the relationship between advice ties and innovation. We find that absorptive capacity fully mediates the relationship between advice-giving and advice-seeking ties, and innovation. Our study employs a social network perspective to investigate the influence of firms' structural and relational embeddedness on their innovation outcome in a directed network in a mature industrial cluster. From the structural embeddedness perspective, we argue that a central position in an informal advice network does not bring equal innovation benefits to advice-seekers and advice-givers.
INTRODUCTION
Innovation is primarily a collaborative effort (Chesbrough 2003 , von Hippel 1988 , Leenders and Dolfsma 2016 and is a result of complex social interactions among actors (Laursen et al. 2014) . Whether operationalised as informal networks , Bell and Zaheer 2007 , Semrau and Werner 2014 or formal networks (Whittington et al. 2009 , Ozmel et al. 2013 , Mazzola et al. 2015 , these relationships remain crucial for innovation and complex problem solving (Gargiulo et al. 2009 , Laursen et al. 2012 , as well as, sustained competitive advantage (Dyer and Singh 1998) .
Much research in this field has focused on the concept of structural and relational embeddedness (Cowan, Jonard and Zimmermann 2007) . On the one hand, scholars argue that the performance of a firm depends on its structural position in the network (Batjargal 2007 , Balland et al. 2016 . The fact that the firm with a prominent position in the network tends to have access to crucial resources and knowledge, which consequently affect its innovation (Ahuja 2000 , Burt 2004 , Zaheer and Bell 2005 , Tan et al. 2015 . On the other hand, several studies emphasise that, although firm's structural position plays an important role, the strength and quality of its inter-firm relationships also affect the innovation output of the firm (Batjargal 2003 , Moran 2005 . The past two decades have witnessed numerous empirical contributions to this embeddedness debate. However, there is a considerable research gap in our understanding of the role of the firm's structural and relational embeddedness on its innovation output in directed networks. Thus, this paper aims to fill this research gap and examines the structural and relational properties of a firm in directed networks and their impact on firm's innovation output.
The literature on innovation networks provides ample empirical evidence about the impact of network structural properties on innovation (Ahuja et al. 2012 , Boschma et al. 2014 . However, there is a need for further evidence on directed networks in which relationships are often asymmetrically distributed (Gargiulo et al. 2009 ). Hansen and Mattes (2018) argue that the interactions among firms that engage in collaborative innovation and learning processes are seldom entirely reciprocal, owing to an uneven distribution of information and knowledge among collaborating partners (Giuliani 2007, Morrison and Rabellotti 2009) . To this day, only a few studies have highlighted the importance of the direction of ties and distinguished between the role of an acquirer and a provider of information (Reagans and McEvily 2003, Phelphs et al. 2012) . These studies pointed out that benefits associated with a dominant structural position in a network are contingent upon the direction of the information flow.
Such that a prominent structural position may or may not positively contribute to the innovation outcome of firms depending on the role these firms play in the knowledge transfer process. As Phelps et al. (2012) noted that the successful transfer of information and knowledge is not limited to efforts of a source but also require the receiver's efforts to acquire and absorb it.
Nevertheless, the knowledge transfer is typically beneficial for the receiver and can be costly for the provider (Reagans and McEvily 2003) . In a similar vein, one of the vital studies was carried out by Gargiulo and colleagues (Gargiulo et al. 2009 ) who have investigated the impact of network closure on the financial outcome of bankers. They found that network closure increases the performance of bankers when they act as information acquirers and it decreases performance when bankers' act as information providers in an informal network.
From a different perspective, Soltis et al. (2013) study the impact of advice-seeking and advice-giving ties on employees' turnover intentions in a life sciences organisation. The authors argue that employees' turnover intentions are influenced by their predominant role as advice-givers or adviceseekers. Employees who are being highly sought out for advice (advice-givers) are more likely to quit the organisation than those who frequently seek out advice (advice-seekers) from others because advice-givers see themselves as over-burned and under-rewarded (ibid) . These studies indicate that the role a firm plays in directed networks can have consequences for its innovation output. Studying the firm's advice-giving and advice-receiving behaviour separately will enhance our understanding of the differentiating effects of network positioning. Because it may be possible that a firm may have a prominent position in advice giving the role, but may not hold a predominant position in the advicereceiving role (or vice versa), can have consequences for innovation outcome. In such a case there could be significant implications for research and development managers As discussed, little is known about the influence of firms' structural positions on innovation in the advice-seeking and advice-giving roles, as well as the quality and strength of the relationship between collaborating partners. Therefore, our study aims to fill this research gap and poses a question,
whether and how do firms embeddedness in an advice-seeking role (being active) and advice-giving role (being popular) impact their innovation outcome in the context of a mature industrial cluster?
We study innovation networks in a mature textile industrial cluster in Lahore, Pakistan. Using ordinary least square (OLS) regression method, we studied the impact of in-degree and out-degree centrality on the innovation output of the firms. Our findings suggest that predominant role in advicegiving and advice receiving have an opposing impact on firm's innovation output. Moreover, absorptive capacity mediates the relationship between advice-giving ties and innovation. Regarding the role of structural holes, we do not find any significant impact on the innovation activity in a mature industrial cluster. Besides, we find that weak ties are negatively associated with innovation in a mature industrial cluster whereas strong ties have a positive but weakly significant relationship with innovation in a mature industrial cluster.
Our study contributes to the literature in three ways. First, we contribute to the network and embeddedness literature by incorporating the direction of a tie in the analysis, which was overlooked by previous studies, and show that the structural embeddedness in advice-seeking and advice-giving has different consequences on the innovation outcome. Second, we contribute to the learning and innovation literature and demonstrate that in a mature industrial cluster the direct effect of structural embeddedness on innovation is mediated by absorptive capacity, which implies that merely network centrality is not enough for innovation instead higher knowledge absorption capability is essential to develop innovations. Third, we respond to the recent calls from network scholars to include network studies from a variety of contexts, particularly emerging countries' perspective. Network scholars highlight that the way networks operate in a developing countries' context remains under-explored (Zhang et al. 2018 ) and emphasise that future network studies should examine the conditioning effect of context (Batjargal 2007, Kraft and Baush 2018) . Thus, we believe our study is timely as well as crucial.
The next section presents the literature review followed by a research hypothesis. Subsequently, we present the methodology section. The results are presented in the penultimate section followed by the discussion and conclusion of the paper in the end.
LITERATURE REVIEW
The position firms occupy in networks can have significant consequences for their ability to exchange information with other members, which in turn should affect their performance. Research shows that some network positions are advantageous while others prevent the members of accessing and benefitting from a range of opportunities and resources that impact outcome (Nahapiet 2009 ).
Numerous studies have shed light on the benefits and detriments of having a prominent structural position in the network (Coleman 1988 , Burt 1992 , Ruef 2002 , Zaheer and Bell 2005 , Whittington et al. 2009 , Tan et al. 2015 , Leenders and Dolfsma 2016 , Iurkov et al. 2018 , Kraft et al. 2018 , Shijaku et al. 2018 , Zhang et al 2018 . Some studies have also shown that firms are embedded in multiple relations and therefore acquire multiple positions in different networks at the same time, which has consequences for innovation outcome (Boschma and Ter Wal 2007 , Giuliani 2007 , Ozmel et al. 2013 Wang et al. 2014 , Mazzola et al. 2015 . Recent studies have highlighted that these network positions are not static and firms shift positions over the period, and these dynamic positioning influences innovation (Gilsing et al. 2016 , Mazzola et al. 2018 . A central thesis of all the above studies is that innovation output of firms is contingent upon their embedded positions in the networks.
Whether the networks are static, dynamic, single or multiple; structural embeddedness is imperative.
Regarding the role of structural embeddedness in innovation promotion, there are two main competing arguments about what type of network structure is beneficial for innovation (Batjargal 2007 ). On the one hand, coherent and dense connections encourage cooperative behaviour, which promotes trust and minimises opportunistic behaviour (Coleman 1988) . On the other hand, sparse networks rich in structural holes provide access to diversified information, which contributes to innovation (Burt 2004 ). This debate focuses on the analysis of network structural properties and investigates, how network positions, such as centrality and structural-hole, influence the innovation and economic outcome of actors (Boschma et al. 2014) . Research shows that firms who connect to many other actors, or in other words who hold a central place in a network have access to (and control over) more information than the other non-central firms. This central position, in turn, eases knowledge transfer (Reagans and McEvily 2003) , affects innovative performance (Powel et al. 1996 , Ahuja 2000 , Bell 2005 , Ho and Chiu 2013 , and improves the economic activity of firms (Boschma et al. 2014) . Similarly, firms who span structural-holes in a network may have access to more diversified information than other firms (Ahuja 2000 , Burt 2004 , Zaheer and Bell 2005 , Batjargal 2007 ), which play an essential role in enhancing creativity.
In addition to structural embeddedness which is by far the most studied concept in social network research, relational embeddedness is also critical. Relational embeddedness focuses on the quality of relationships and involves overlapping interpersonal ties often referred to as strong ties (Granovetter 1973) . Relational embeddedness also comprises of the weak relations that play an essential role in spreading information because they tend to connect otherwise disconnected actors (Ruef 2002) .
Notably, to understand the influence of network contacts on innovation, it is not the structure of network contacts that is all that matters; the quality and strength of relationship matter too (Moran 2005) . In a study on the product and sales managers of a Fortune 100 pharmaceutical firm, Moran (2005) presents evidence that the relational embeddedness among managers plays a stronger role in explaining the innovation-related performance, whereas structural embeddedness plays a stronger role in sales-related performance. Batjargal (2003) also demonstrated that weak ties have a positive and significant impact on both the revenue growth and profit margin of Russian entrepreneurs.
More recently, some scholars suggest that the role of context is also crucial in explaining the influence of network structure on innovation. For instance, in a recent meta-analytic study, Kraft and Bausch (2018) show that institutional context plays an essential role in moderating the influence of network structure on innovation. The authors suggest that cohesive networks are more useful for innovation in a weak institutional setting as well as collectivistic cultures, whereas diverse networks are effective under strong institutional setting as well as individualistic cultures. Similarly, Gilsing et al. (2016) demonstrate that firms' network positioning varies along the path of technological change and exhibits non-linear progression through the phases of birth, growth and maturity of a technology. This study shows that the impact of structural position changes with the change in the context of technological change. These studies suggest that the context, in which firms are embedded, play an essential role in influencing the effect of network structural properties.
Some other studies suggest that in order to remain competitive in the industry over the longer period, firms often shift their positions in the network structure. Ahuja et al. (2012) refer to this mechanism as the agency micro-foundation of the network dynamics, which implies that a firm chooses its network partners by establishing or dissolving connections deliberately. A firm adopts this approach to obtain maximum benefits out of its network contacts. In this way, a firm knows its position in the network, and it can change positions with the change in opportunities (ibid). These dynamic positioning consequently affects the outcome of a firm. Mazzola et al. (2018) showed that the firms who adopt dynamic positioning, that is shifting from a central to structural holes positions (and vice versa) over time, are more likely to develop new products. These studies suggest that a firm's inter-organisational strategy drives its choice of network position. Thus, it is the firm's own decision whether it wants to form or dissolve a network link.
Finally, several other scholars suggest that examining the conditioning effect of context and the use of dynamic lens is important but networks are not uni-plex, which means firms are often connected via multiple relations (Ram and Rosenkopf 2014 , Shipilov et al. 2014 , Mazzola et al. 2015 , Mazzola et al. 2016 ). Hence, researches should study the influence of overlapping connections on the innovation output. For instance, Mazzola et al. (2016) found that prominent position in an interlocking directorate can improve the influence of the inter-firm network on new product development. Wang et al. (2014) also show that centrality and structural holes in the knowledge and collaboration networks have a different impact on firm-level exploratory innovation. Structural holes in a collaboration network enhance exploratory innovation while structural holes in the knowledge network decrease exploratory innovation. Soltis et al. (2013) showed that advice ties and work-related ties are often overlapping with each other in a way that an actor seeks advice from the same person with whom she is required to work with. The authors found that voluntary advice-seeking ties (ties outside workflow network) negatively affect turnover intentions, while advice-seeking ties (intertwined with workflow ties) does not have a significant effect on employee's turnover intentions. The authors found opposite effects in advice-giving ties, which shows that studying multiplex relations is important, but the direction of tie plays a crucial part in explaining the outcome.
We argue that all the above-cited studies have made a remarkable contribution in the network literature, while there is a considerable research gap in our understanding about the impact of firms' embeddedness in the directed networks. We argue that it is crucial to include the direction of the link in the analysis especially in the informal interactions because informal networks in regional clusters arise from reciprocal linkages among co-located firms. These inter-firm linkages may not necessarily exhibit symmetry. Notably, in advice exchange relationships, some firms may receive more advice requests from others than they could seek out from others (or vice versa). In turn, this imbalance of information exchange can have a differentiated effect on firms' performance.
RESEARCH HYPOTHESIS

Relational embeddedness and innovation
Relational embeddedness defines the strength and quality of relationship among firms (Moran, 2005) .
Studies have measured relational embeddedness through strong and weak ties (Granovetter, 1973) and trustworthiness in the relationships or networks (Moran, 2005) . Strong ties (such as friends and family) are beneficial because they entail high trust and cooperative behaviour among partners, and reduces opportunistic behaviour (Coleman, 1988) . Contrarily, strong ties limit access to diversified information and therefore creates redundancy in information and resources which may negatively affect the outcome. Uzzi (1996) relates this phenomenon of redundancy with the notion of "over-embeddedness" and highlights the detrimental effects of strong ties. Alternatively, Hansen (1999) argue that strong ties play an essential role in the transfer of highly complex knowledge because complex knowledge requires close coordination and trust which is not possible without having healthy and strong relationships.
On the other side, weak ties are considered a source of non-redundant and diversified information.
Several studies have shown that weak ties positively contributes to achieving a competitive advantage because they connect otherwise disconnected actors (Burt, 1992) . There are merits and demerits associated with both the strong and weak ties. In a mature industrial cluster, the norms are well established, and most of the actors are embedded in strong relations, which is good to control opportunistic behaviour. Anyone who breaks the norms has to face sanctions. Therefore, firms may be highly cooperative with each other. On the contrary, these strong ties may develop overembeddedness that could limit access to diversified information. Overall, in mature clusters, the benefits of strong ties may over-pass the adverse effect of over-embeddedness.
On the other side, weak ties in a mature industrial cluster may not bring more benefits to the clustered firms because most of the information available in the cluster is redundant. However, due to the same product market and customers (global buyers) so trustworthiness becomes even more critical. Hence we propose that;
Hypothesis 1: Strong ties will positively affect the innovation output of firms Hypothesis 2: Weak ties will negatively affect the innovation outcome of firms
Structural Embeddedness and Innovation
A plethora of studies have shown that structural embeddedness of a firm in a network influences its innovation. Network size (or degree centrality), structural holes and density are often used as parameters to measure the structural embeddedness of firms (Batjargal, 2003) . However, previous studies have presented competing arguments. Some scholars argue that sparse networks rich in structural holes are beneficial for the innovation outcome of firms because sparse networks provide access to diversified information that helps in creating innovative solutions (Burt, 1992) .
On the contrary, others argue that dense connections among collaborating firms promotes trust and minimises opportunistic behaviour (Coleman, 1988) . Several studies have contributed to the debate on these two competing arguments and scholars have found both the positive and negative impact of structural embeddedness on innovation. For instance, Tsai (2001) found a direct relationship between a unit's central position in an inter-organisational network and its business unit innovation. In a similar vein, Bell (2005) found that centrality in a managerial network increases firm innovativeness, while centrality in an institutional network does not show any relationship with innovativeness. The simple logic is that central position provides access to a variety of resources, which contributes to innovation.
In some cases, scholars have not found any relationship between centrality and innovation (Batjargal, 2003; . Several studies have tested the moderation effect of different variables to understand the moderating relationship between centrality and innovation. For instance, Tsai (2001) These studies are not limited to the relationship between centrality and innovation, they have also tested at large the theses of the structural hole and density and innovation. For instance, Ahuja (2000) found that structural holes exert both positive and negative influence on innovation, while Zaheer and Bell (2005) found a positive and significant effect on firm performance. Zaheer and Soda (2009) showed that the increase in the number of structural holes in the network of the focal team, higher will be the performance of the team. Some scholars have argued that the presence and absence of structural holes in a network can be relevant, the institutional environment plays a crucial role. For instance, Vasudeva, Zaheer, and Hernandez (2013) showed that structural holes have a more positive impact on innovation when the brokering firm or its network partners are located in countries with higher levels of corporatism. The authors emphasised that although structural holes play an important role in explaining innovation, the actual impact can only be understood by incorporating the institutional environment in the analysis because institutional corporatism influences the collaborative behaviour of partners. Zhang et al. (2018) also supported this idea and avered that the impact of structural holes and centrality is contingent upon the context. They found a significant difference in the influence of structural holes in the Western and Chinese context. They showed in a met analytic study that although centrality and the structural holes both are positively related to performance, the impact of structural holes is not significant in the Chinse context. Likewise, Kraft et al. (2018) showed that the institutional environment significantly moderates the impact of bonding and bridging on innovation. Their study revealed that cohesive networks are more beneficial in a weak regulatory and political environmental context, and collectivistic cultures; while sparse networks are beneficial in a strong institutional context and individualistic culture. Therefore, industrial managers can cope with the challenges of diverse institutional settings by adjusting their network position according to the institutional context. Throughout the past twenty years, scholars have produced an enormous amount of publications studying the direct, indirect and moderating relationship between structural embeddedness and innovation. However, we find that very few studies have incorporated the direction of a tie in the analysis. We argue that the impact of network positions is contingent upon the direction of a tie, that is, the role which a firm plays in the collaboration process, mainly when the collaboration is associated with a valuable resource and knowledge. For instance, if the firm is on the provider end of the tie, then the impact of its network position on the innovation might have a different impact when the firm takes on the role of the acquirer of information. There are a few studies that have attempted to understand the relationship between network position and outcome. For instance, Soltis et al. (2013) found that centrality in the advice-giving network has a positive relationship with employee intention to leave. This study shows that those employees that are highly sought out for advice by others feel over-burned.
On the contrary, employees who seek regular advice from others have the low intention to turnover.
The latter finding shows the insignificant relationship. In another study, Gargiulo et al. (2009) revealed that network closure increases the performance of bankers when they act as information acquirers and it decreases performance when bankers act as information providers in an informal network.
Overall these f findings suggest that an acquirer role is beneficial and the provider role is harmful.
However, we argue that these results will reverse if we study the relationship between advice-giving and advice-seeking in a mature industrial environment/context. The reason is that in a mature industrial cluster the information available to actors is highly redundant and the firms who seek out advice from many other actors are likely to end up with a large amount of redundant information.
Thus, there is a chance that these firms may not be able to gain higher benefits. Instead, they may have incurred high search cost as well as time and energy loss as compared to the benefits.
On the contrary, firms who advise many other partners may receive higher benefits than their cost.
Because they may be able to negotiate something beneficial in return to the advice they have given to advice-seekers. Based on the above arguments we propose the following hypotheses; (Cohen and Levinthal 1990) . Absorptive capacity has been found to have a positive impact on firms' innovation outcome (Tsai 2001, Lane et al. 2006) . In this study, we expect that the absorptive capacity of a firm will mediate the impact of network position on innovation.
Several studies have shown that firms with higher absorptive capacity are likely to attract several other firms to establish knowledge and advice related linkages because clustered firms tend to seek advice from higher absorptive capacity firms (Balland et al. 2016; Giuliani and Bell, 2005; Giuliani, 2007) . Consequently, firms with higher absorptive capacity are likely to have a central position in the advice-giving network. However, it is not necessary that all firms with higher absorptive capacity also maintain a central position in a network. Boschma and Ter Wal (2007) found no relationship between higher absorptive capacity firms and their position in the local network.
Similarly, Giuliani and Bell (2005) found that some of the higher absorptive firms preferred to hold a peripheral position instead of a central position. The authors referred to those firms as 'external stars' and argued that the star firms were technologically advanced than the other clustered firms, therefore, they remained disconnected from the local network. Particularly in case of a mature industrial cluster, the information available to clustered firms is highly redundant. Therefore firms may prefer to hold a peripheral position instead of a central position. Another argument is that when new information is not available from inside the clusters, firms with higher absorptive capacity may look for information outside the cluster boundaries and connect to global pipelines to acquire non-redundant information and knowledge (Morrison et al. 2013) . The above studies suggest that absorptive capacity plays an important role in innovation performance as well as acquiring the central position in a network. We, therefore, argue that the direct relationship between the number of advice-giving ties and innovation exist because central firms also have a high level of absorptive capacity. Therefore, we propose that in a mature industrial cluster absorptive capacity mediates the role of central position in the advicegiving and advice-seeking network, that is when we control for absorptive capacity the direct effect of the central position will disappear, which leads us to draw the following hypothesis; advice-seeking network with innovation and the mediating role of absorptive capacity. The figure presents the conceptual framework of the current study. The figure shows that structural properties of network impart a direct effect on the innovation outcome of firms. These properties include structural holes access, density and degree centrality of a firm. In addition to the direct influence, our model proposes that absorptive capacity mediates the relationship between the advice-seeking and advicegiving ties, and innovation. That is, the advice-seeking and advice-giving ties also have an indirect effect on innovation via the firm's absorptive capacity. The figure also suggests a direct relationship between relational embeddedness, which is strong ties and weak ties, on the innovation output of firms. In our sample, on an average basis, each firm employs around 1700 workers, with a standard deviation of approximately 1400. The maximum number of employees was reported to be 7000, and the minimum was 500. We collected data from large-scale firms because of the following reasons.
First, large firms are registered with All Pakistan Textile Mills Association (APTMA), which is the most prominent statutory, regulatory body that represents all the critical textile players in Pakistani textile industry. A registration with APTMA ensures that member firms organise themselves in their financial, operations and organisational matters. Second, there is a large number of un-organised firms operating in the cluster who do not maintain proper records of their business operations. Moreover, these firms do not register with any statutory regulatory body or any government department, which raises ambiguity about the exact number of these firms operating in the cluster. Third, in order to apply the whole network approach as part of social network analysis, we decided to use the roster recall method for data collection, which eventually requires a complete list of firms.
Sample and instrument
We did not use any sampling technique, and the data was collected from all large active scale textile firms located in the four municipalities in the city of Lahore. The list of firms was obtained from the website of All Pakistan Textile Mill Association (APTMA). According to the list, eight-four largescale textile firms were operating in the local cluster.
Following APTMA statistics, we limit the sample size to seventy-three firms because some of the firms have closed their operations due to the crisis. The latest textile policy document of the Government of Pakistan also highlights that some firms have run out of business operations in the last ten years due to severe energy crisis (Pakistan Textile Policy 2014 -2019 . Before the final data collection, we conducted a pilot study. The pilot was done, firstly, to test our survey instrument dealing with firm characteristics, innovation practices, and performance; and secondly, to finalise the number of active firms to include in the roster for the collection of inter-organisational relational data.
During the pilot study, managers of local firms also confirm that a small number of firms have shut down their operations due to the energy crisis. After the pre-test, we revised our survey instrument and finalised the universe of manufacturers within the cluster.
Data collection
In order to investigate the impact of structural network positions of firms on their innovation, we collected micro level attribute data and dyadic level relational data from seventy-three textile firms in the Lahore textile cluster. The attribute data was collected through face to face interviews, using pretested survey questionnaire, from the key personnel responsible for the management of production operations, and research and development. In this study, we decided to administer the survey through a face-to-face interview with the senior managers and directors of firms. We adopted this method for two reasons. First, to ensure respondents' accuracy and avoid misinterpretation of the questions.
Second, the top managers are considered as a critical source of technical and business knowledge in the local industry. Huber (2013) also suggest that the most critical and unique knowledge sources are usually obtained by personal knowledge networks (social network) of senior-level managers.
To collect network-level or relational data, we asked respondents were asked to choose from a roster of 73 firms to which respondents regularly asked for technical advice. This 'roster recall method' has been widely used by scholars to collect whole network data Bell 2005, Giuliani 2007 . Relational data allowed the creation of a directed squared matrix with n=73 actors, and it can be represented as binary n*n graph x = (x ij), where xij=1 when actor 'i' discloses a technical advice link to actor 'j', and xij=0 otherwise. A social network analysis software package UCINET VI was used to process and analyse the relational data (Borgatti, Everett, & Freeman, 2002) . We asked the following question from the firms to gather relational data.
When you need technical advice on product development/innovation, or on process improvement/innovation to which of the local firms mentioned in the roster do you turn? (list with all names of the firms in the cluster will be provided)
This question yielded two different technical networks namely product advice network and process advice network. The Pearson correlation between the two networks is 0.447, which means there is 44.7% overlap between the ties of two networks. We merged these network to produce a single technical advice network and calculated the network structural variables.
Additionally, we gathered secondary data from other sources, such as company websites, government websites, and trade association websites. The overall information was used to create dependent and explanatory variables. 
Measures
Dependent variable
We did not measure innovation by following the standard questionnaire used in innovation surveys and introduced a new measure. We measured innovation activity by counting the number of international compliance certifications obtained by firms such as ISO 9001-2000 quality management system. This measure is valid in our context because leading global brands and global buyers demand compliance from local firms in various dimensions such as quality, safety, environment and social standards which is a challenge for local firms and difficult to achieve by the low capacity firms (SMEDA Pakistan 2018).
We have adopted this unique measure of innovation for several reasons. First, this different innovation measure was suggested by the respondents during the interviews i . They argue that international certifications are a key to new markets and customers because most international buyers have associated their new orders with the global compliance standards. The firms who meet the compliance standards get the orders. In order to obtain these certifications, firms have to improve their production systems that require the introduction of new processes. Similarly, firms have to improve the quality of products by complying with new product-quality standards.
The second justification for our innovation measure is our research setting in this paper, which is a local textile cluster based in a developing country. Cirera and Muzi (2016) argue that most questionnaires used in innovation surveys are based on the Oslo manual, which was developed to measure innovation in advanced countries, therefore it is not suitable to use Oslo questionnaire in the context of developing countries, because understanding the innovation concept in developing countries is different from the developed countries. Authors raise a concern that when respondents in developing countries are asked whether they have introduced a significant new product or process may respond differently from one another because it becomes subjective to judge how significant the innovation efforts are. Moreover, Casanueva et al. (2013) argue that obtaining objective assessments of innovation levels is difficult in traditional clusters, especially when dealing with a wide range of firms and productive systems-such as in textiles and clothing value chain. Therefore, our measure of innovation provides a relatively suitable measure. We counted the total number of certifications displayed the firms on their websites ii .
Independent variables
The key independent variables in our study are the network structural and relational variables. To create network variables such as centrality, density and structural holes we used UCINET VI software (Borgatti, Everett and Freeman, 2002) . The theoretical formulas for the network variables are discussed as follows;
Our first independent variable to measure structural embeddedness is degree centrality. It captures the number of ego's direct relationships to all other alters. In our study, the network is directed in nature.
Therefore, we can calculate the in-degree as well as out-degree centrality. The in-degree centrality captures the idea of popularity or advice-giving role, that is when several other firms seek out advice from the ego. The out-degree centrality captures the idea of activity or advice-seeking, that is when ego seek out advice from many other alters. We calculated both degrees using the following formula;
Degree centrality, DC(ni) = d(ni)
Where d(ni) is the sum of the nodes adjacent to that node. We calculated both the in-degree (advicegiving) and out-degree (advice-seeking) centrality
In addition to degree centrality, we calculated Bonacich's (1987) power centrality. The power centrality captures the strength of the focal firm, and it is defined by the sum of the power of the ego's alters (Whittington et al. 2009 ). If ego connects to other well-connected actors, then it has high Bonacich centrality. Similar to the degree centrality measure, we calculated two measures of Bonacich power centrality, that is, one for advice-seeking ties and other for advice-giving ties.
Density is another important independent variable. It captures the idea of network closure (Coleman 1988) . High density increases trust and reduces opportunistic behaviour among connected partners.
Especially, in a mature cluster, density plays a crucial role by sanctioning the opportunistic behaviour.
We measure density by an actual number of ties in ego's network to the maximum possible ties. We use the following formula to calculate density; Density = actual ties/total possible ties, D=2N/n (n-1)
Where 'N' is the actual ties between alters (excluding ties to ego) to the total possible ties, that is, 'n (n-1)'.
Among the network variables, we also included the structural holes (Burt 1992) . Structural holes provide access to diversified information, which can be useful to create innovations. We calculated the constraint score using the UCINET VI software. Higher constraint score represents low access to bridging opportunities and indicates that an actor is constrained by its contacts, which decreases access to the structural hole. The formula we use for the constraint is Constraint = + ∑ , ≠ , (Burt, 1992: 54) Where the strength of direct ties equals ∑ is the sum of the indirect tie strength from i to j via all q. To calculate the structural holes access, we subtracted the firm's constraint score by 1 for all non-zero values and zero for all other values.
Our paper also theorises the effect of relational embeddedness on innovation. We identify strong and weak ties to examine the influence of relational embeddedness on firms' innovation. To measure strong ties we consider only the overlapping links in our network, that is, the links that represent both the product and process advice. We argue that when a firm establishes multiple linkages with another, or it seeks multiple pieces of advice from the same firm, then it is considered a strong relationship. On the contrary, when a firm shares a single relationship with another firm, then we can consider it a weak tie.
To measure strong ties and weak ties we created two additional networks. The first network consists of only the overlapping ties (strong-ties network) and the second network consists of all other ties minus overlapping ties (weak-ties network). We then counted the network size of each firm in the strong-ties network to measure strong ties associated with each firm. Similarly, we counted the network size of each firm in the weak-ties network to calculate the weak ties of each firm.
In this study, absorptive capacity is one of the critical variables and is a measure of a firm's knowledge absorption capability. Previous studies have measured absorptive capacity by accessing the human resource, research and development efforts of firms. For instance, scholars measure absorptive capacity through several methods such as a percentage of skilled employees (Xavier Molina-Morales et al. 2015) , R&D spending (Cohen and Levinthal 1989, Presutti et al. 2017) , R&D intensity (Tsai 2001), patent productivity in a specified time (Boschma et al 2015) and applying principal component analysis (PCA) on various human resource and research parameters (Giuliani and Bell 2005 , Giuliani 2007 , Giuliani 2013 , Boschma and Ter Wal 2007 . This study follows the latter procedure and runs a principal component analysis on three parameters that is human resource, R&D and internationalisation efforts of firms to extract a measure of absorptive capacity from two main components.
Control variables
We also control for several variables that can affect the innovation outcome of firms. First of all, we control the size of firms because large size firms have access to more resources than the smaller firms and hence are often more innovative. We measure size by taking the logarithm of the number of permanent employees. Size is a continuous variable. We also control for the age of firms. We measure the age of firm by subtracting the birth date from the date we collected the data. We then calculate the square root of the age of the firm. Age is a continuous variable. Several studies have shown that older firms are often less innovative than the younger firms because of several reasons such as substantial investments in traditional processes which require massive investment for upgrading.
In addition to age, we also control for the status of the firm. We define high-status firms as those firms who hold memberships of several trade associations. High-status firms are more innovative than other firms because of their membership in different power groups that allows access to a wide range of resources as well as an opportunity to influence the government's industrial policy. There are fifteen trade associations in the local textile and related industries. We count the number of trade association memberships of each firm. We collected that information from the latest members' directory of each of the fifteen trade associations. Where we were unable to access the member's directory, we explored the firm's (or its parent company's) website to check their trade memberships because firms often display their association memberships on the websites to attract customers iii .
Status is a continuous variable.
We also control the qualification of managers to control for the education bias. Some respondents in our sample are non-degree holders who became managers because of their work experience, some are engineering degree holders, and the rest are business degree holders. The education skills of managers can influence the innovation of firms. Especially in our study, it is crucial because we are dealing with technical innovations and thus expect that managers with an engineering degree are likely to be more innovative than the other two groups. Finally, we control for geographical location. Firms in our sample are located in four different municipalities. Therefore, we decided to control any effect of geographical location on innovation.
ESTIMATION MODEL
To test our hypothesis, we analysed six models using ordinary least squares regression technique with IBM SPSS Statistics version 22. We used the following estimating equation;
Where ∝ 0 is the constant intercept, is the regression coefficients for the main effect variable and is the error term. Table 1 represents the descriptive statistics and the correlation coefficients of main effect variables and the control variables. Table 2 presents the regression estimates for all five models.
The models are significant and the R-squared as well as Adjusted R-squared values show that our models are stable and also the explanatory power of our models is good. We also conducted the collinearity diagnostic and checked the value of the variance inflation factor (VIF). The VIF values of all structural embeddedness and control variables are well below the standard critical threshold value of 10 (Mayer 1990, Cohen et al. 2003 , Field 2009 ) and even below the more restricted value of 4
(O'brien 2007), which suggest that multi-collinearity is not an issue in our models involving structural embeddedness. However, when we add relational embeddedness variables in the model, which are the strong and weak ties, the VIF values go above 10. Therefore, we rely on the partial models in testing our hypothesis related to relational embeddedness. This procedure has been commonly used in the prior research (Iurkov and Beniti 2018, Kraft and Bausch 2018) .
RESULTS
This section presents the results of the paper and discusses the impact of different structural and relational embeddedness variables on the innovation outcome of firms. The descriptive statistics are presented in Tables 1 followed by statistical models in Table 2 (Please see Appendix A). In order to test the hypothesis, we ran six statistical models. In addition to the tables, figure 2 presents the results of the Sobel test for mediation.
The first model in our study includes all the control variables. As expected most of the control variable is statistically significant. Our first control variable age is negative but not significant, which
shows that an increase in age reduces the innovative outcome of firms. In contrast, size is positive and highly significant which confirms previous research that size is an important factor innovative outcome of a firm increases with the increase in its size. We also controlled for the status of the firms.
Previous research considers status as a symbol of quality in clusters (Giuliani 2013) . High-status firms are prominent firms and better than other firms regarding quality. If status represents quality, then high-status firms should relatively be more innovative than the low-status firms. Our results confirm our expectations and the coefficient of status is significant and positive. We also controlled for the education and skills of the top manager as well as the geographic location of firms.
We included non-graduate managers and managers with business qualification in our model. We kept engineering graduates as a reference category.
Our finding is surprising. Firstly, as expected, a firm whose top manager is a non-graduate shows a negative and significant relationship with innovation output. The relationship between business graduate manager and innovation also shows a negative but insignificant relationship iv . However, the coefficient of the manager with engineering plus business degree is positive and weakly significant.
These findings suggest that for technical innovations, the top managers with technical/engineering qualification perform better than non-degree holder managers, and relatively also better than a top manager with both the technical plus business qualification. To gauge the effect of geographic location, we first divided the geographic areas into four different zones. Afterwards, we tested zone2, zone3 and zone4 against the reference category of zone1. Zone4 shows the most substantial positive and significant impact on innovation, whereas zone2 shows a negative and significant impact on innovation. Zone3 also shows a positive and weak impact on innovation. These findings suggest that some geographic areas may be better equipped with facilities. Therefore, firms situated in such areas perform better than others and vice versa.
In model 2, we tested the impact of relational embeddedness on innovation as theorised in hypothesis 1 & 2, which is to test the impact of strong and weak ties on innovation. We hypothesised that strong ties would positively influence the innovation of firms in the mature industrial cluster. The coefficient is positive (β = 0.16) and strongly significant (p<0.01), therefore we can corroborate our hypothesis 1.
Contrarily, the coefficient for weak ties is negative and also strongly significant (β = -0.9, p<0.01), which shows that weak ties in a mature industrial cluster decrease innovation output. Therefore we can also confirm our hypothesis 2.
In model 3-6, we tested our remaining hypothesis. In model 3 we tested hypothesis H3 and H4 along with H5a and H5b. We find support for H3. The coefficient for density is positive and significant (β = 1.17, p<0.05). Therefore, we can confirm that in a mature industrial cluster, dense connections positively contribute to the innovation outcome of the focal firm. While dense connections contribute positively to the innovation outcome of a focal firm in a mature industrial cluster, structural holes can have a negative impact on innovation outcome. As structural holes provide access to diversified and non-redundant information, but in mature cluster information and knowledge tend to become symmetric. Due to homogeneity in information in the cluster, structural holes access can be more costly than it can bring benefits. Therefore, we expect a negative impact of the structural hole on innovation outcome in a mature industrial cluster. Although we find a negative impact of structural holes accesses on innovation output, the coefficient is not significant. Thus our study cannot confirm our hypothesis H4. In hypothesis H5a and H5b we tested degree centrality of firms to examine the impact of having a central position on innovation in advice-giving and advice-seeking ties. For H5a, we find that the coefficient for advice-giving ties is positive but significant (β = 0.09, p<0.05).
Similarly, we also find support for our hypothesis H5b. The coefficient is negative and significant (β = -0.12, p<0.01). These results support our idea that in a mature industrial cluster, where the information available is likely to be redundant, can have a negative impact on innovation output of those firms who seek advice from many other firms. In Model 5, we tested the hypothesis H6a and H6b. We used Bonacich power centrality to further confirm our hypothesis of centrality in advicegiving and advice-seeking ties. Here, we expect that when a firm seeks advice from several other firms who are well connected in their network in a mature industrial cluster, then this advice-seeking behaviour will have negative consequences on the firm's innovation outcome. We find support for our hypothesis and find a negative and highly significant coefficient (β = -0.08, p<0.001). By contrast, we hypothesise that when a firm advises several other well-connected firms in a mature industrial cluster, then these advice-giving ties positively impact the firm's innovation outcome. The coefficient is positive and significant (β = 0.06, p<0.01). Hence, we can confirm our hypothesis H6a and H6b.
Finally, we propose in hypothesis H7a that absorptive capacity has a direct and positive impact on innovation. The results of model 4 and model 6 both confirm our hypothesis H7a as the coefficients for absorptive capacity is positive and significant in model 4 (β = 0.71, p<0.001) and model 6 (β = 0.61, p<0.001) respectively. We also hypothesise in H7b and H7c that absorptive capacity mediates the relationship between advice-giving and advice-seeking ties, and innovation for degree centrality and Bonacich centrality measures. We tested these hypothesis in model 4 (for degree centrality) and model 6 (for bonacich centrality). Our results of model 6 confirm both hypothesis H7b and H7c, whereas the results of model 4 partially support our hypothesis. As we enter the variable of absorptive capacity in the model 6, the coefficient of both the advice-giving and advice seeking ties becomes insignificant. While in model 4, the coefficient of advice-giving ties becomes insignificant only and the coefficient of advice-seeking ties partially reduces. Therefore, we can confirm that absorptive capacity completely mediates the relationship between central position in advice-giving and adviceseeking network, and innovation outcome, provided bonacich centrality measure is used.
We used the Sobel test (Sobel, 1982) to validate the mediating effect. We tested for the mediating effect of absorptive capacity on the relationship between advice giving and advice seeking ties, and innovation using the indirect effect approach (Preacher and Hayes 2004) . We found that absorptive 
DISCUSSION AND CONCLUSION
Overall, our study finds support for most of our hypothesis. It confirms six out of seven hypothesis and demonstrates that both the structural and relational embeddedness play a significant role in explaining the innovation outcome of firms. Notably, our rational to theorise the direction of tie to examine the innovation output is widely supported by our empirical results. The findings regarding the structural embeddedness, on the one hand, suggest that the centrality in advice giving ties has a positive and significant impact on the innovation output of firm in a mature industrial cluster. On the other hand, centrality in advice seeking role has a negative and significant effect on the innovation outcome of firms.
There are not enough prior studies that have examined the impact of the direction of a tie on innovation and performance of firms, and only a few studies have attempted to do so. For instance, Gargiulo et al. (2009) have studied the performance of bankers being the acquirer and provider of information in the process of network closure. They found that being acquirer positively influence bankers' performance. Our findings are contrary to their study, and we find a negative and significant effect between acquirer role and innovation. We argue that this result is mainly due to the context of our study which is the mature industrial cluster which is rich in the redundancy of information. We argue that there is a massive gap in this area and other researchers should extend our work to address similar research questions v .
The second crucial finding of our study is the impact of relational embeddedness on innovation. We investigate the relationship between the strength and quality of ties and innovation. Our findings suggest that strong ties positively influence innovation outcome and weak ties negatively affect the innovation outcome of firms in a mature industrial cluster. Again the reason for these results is that the cluster is mature and therefore encompass well-established norms and traditions. These strong social norms promote trust among actors and sanction opportunistic behaviour. Therefore, strong ties may facilitate complex and tacit knowledge transfer, which positively affect innovation.
On the contrary, weak ties demonstrate a negative relationship with innovation. The potential reason might be that weak ties are useful to provide access to diversified information. As we mentioned above that the context is a mature industrial cluster and the information is highly redundant due to which firms who activate weak ties incur more cost than the benefits associated with the weak ties.
These findings suggest that in a mature industrial cluster where the market has become saturated, and competitors can easily imitate most of the products, strong ties play a crucial role in the transfer of knowledge because strong ties promote trust and minimise opportunistic behaviour while weak ties are detrimental because there is a risk of opportunistic behaviour.
Finally, the most exciting findings of this paper are the mediating role of absorptive capacity. We hypothesise that the absorptive capacity mediates the relationship between advice-giving and adviceseeking ties, and innovation. We find a positive and significant relationship between advice-giving ties and innovation, and a negative relationship between advice-seeking ties and innovation. However, absorptive capacity mediates this relationship. The potential reason might be that in a mature industrial cluster where information is highly redundant inside the cluster boundaries and firms need to establish connections with partners outside the cluster to absorb and transfer external knowledge.
Therefore, centrality in the network is not the actual reason that influence innovation because it does not provide direct access to external knowledge. Indeed it is absorptive capacity that provides access to new external knowledge which is crucial for innovation.
IMPLICATIONS
Our study suggests that a central position in the advice-giving is beneficial in the mature industrial clusters and the same position in the advice-seeking is detrimental for innovation.
Moreover, strong ties promote trust so firms in a mature industrial cluster can focus on maintaining the strong ties with cluster partners and should avoid weak ties with the cluster the other cluster members. Instead, weak ties might be useful to reach out to the players who are located outside cluster boundaries. A final and most important implication is that managers should focus on building the high absorptive capacity of their respective firms because absorptive capacity is the fundamental source of external ideas in a mature industrial cluster because it helps firms to recognise and utilise the external knowledge. Managers should first build strong knowledge absorption capabilities and then establish linkages with the other cluster firms.
i Respondents argue that textile is a traditional industry, and the development of new products and processes is a routine task, which makes it difficult to identify significantly improved innovations. Moreover, innovation frequency in one industry cannot be considered with another industry. For example, innovations in a garments manufacturing unit cannot be compared with a yarn manufacturing firm because of difference in process and operations complexity. Therefore, it is very difficult to differentiate between an innovation and a routine development, as well as to consider relative innovation count. Likewise, firms develop new processes and techniques to improve efficiency regularly, which again is difficult to differentiate routine improvement in process from significantly improved process.
ii All firms in our sample have maintained their proper websites. In most cases the websites of firms have a separate section of compliance certificates. In other cases, compliance certificates were highlighted on the introduction/profile pages of firms.
iii We did not have to use this strategy for many cases iv Our reference category is a firm whose top manager has an engineering degree. v This is a work in process paper in the development phase.
